suggests that the liver metastases of colon carcinoma could be restrained by silencing PARG. Likely, the silencing of PARG could suppress the expression of PARP and NF-κB and subsequently suppress the secretion of IL-10 and TGF-α, finally affecting the proliferation and differentiation of DC and T cells.
Abstract. The present study investigated the effect of poly(ADP-ribose) glycohydrolase (PARG) on the immune response in tumour metastases of colon carcinoma. CT26 cells were transfected with lentivirus PARG-short hairpin RNA (shRNA). A liver metastasis model of colon carcinoma was successfully established by splenic subcapsular inoculation of the various groups of CT26 cells into BALB/c mice. Next, changes in the liver metastases of colon carcinoma nodules and alterations in the survival times were observed in tumour-bearing mice. T cells in the spleen and liver was investigated by immunofluorescence staining. The expression levels of PARG, PARP and nuclear factor-κB (NF-κB) proteins in spleen transplant tumours and liver metastases of colon carcinoma were detected by western blotting. An ELISA was used to detect the levels of IL-10 and TGF-β in the serum of tumour-bearing mice and from the supernatant of tumour cells. The numbers and grading of metastatic liver nodules in the PARG-silenced group were clearly lower than those in the control group. The survival time of the PARG-silenced group mice was longer than that in the control group. In the PARG-silenced group, the levels of B220 + DEC205 + DC in the spleen and liver were lower and the numbers of CD11c + CD11b + DC in the spleen and liver were more than those in the control group. The ratio of CD4 + /CD8 + in the spleen and liver in the PARG-silenced group was increased compared with that in the control group (P<0.05). The levels of PARG, PARP and NF-κB in spleen transplant tumours and liver metastases of colon carcinoma were lower in the PARG-silenced group than in the control group. In addition, the levels of IL-10 and TGF-β in the serum of tumour-bearing mice and supernatants of tumour cells were both reduced in the PARG-silenced group compared with those in the control group. The present research
Introduction
Colon carcinoma is one of the most common types of malignant tumours, with a high mortality rate due to early metastases. On the one hand, metastases of colon carcinoma are connected with the metastatic potential of tumour cells, but on the other hand, it is also closely related to the body's immune response (1) . Many tumours are associated with immune dysfunction. T lymphocytes are generally considered the core of tumour immunity (2) . CD4 
PARG regulates the proliferation and differentiation of DCs and T cells via PARP/NF-κB in tumour metastases of colon carcinoma
serves an important role in the stability of immune function. It has been identified that a patient's immune function is reduced when the CD4 + /CD8 + ratio decreases, resulting in tumour proliferation (3) .
As the most powerful antigen-presenting cells (APCs), dendritic cells (DCs) can directly activate naïve T cells to differentiate into auxiliary and cytotoxic T cells, thereby serving an important role in the immune response system (4). DCs originate from bone marrow precursors and include two distinct lineages, myeloid DCs (or DC1), which express myeloid markers (such as CD11c and CD11b), and plasmacytoid DCs (or DC2), which lack myeloid markers and express lymphoid markers CD123 (or B220) and DEC205 (3) (4) (5) (6) . DCs affect the differentiation and proliferation of CD4 T cells into Th1 to stimulate the immune response, whereas DC2 cells mainly promote the differentiation of Th2 or T-reg and are dedicated to the progression of peripheral immune tolerance (7) . A previous study reported that the number of DCs in the peripheral blood of patients with colon carcinoma is significantly reduced and that the number of CD11c + DCs is markedly lower than that of CD123 + DCs when there is distant metastasis (8) . In mammary carcinomas, purified CD11b + CD11c + myeloid cells can enhance inducible nitric oxide synthase (iNOS) expression in tumour cells to promote tumour cell apoptosis (9) . Our previous study suggested that B220 + DEC205 + DCs induced from the mouse liver can promote liver metastasis of colon carcinoma (10) . All these results suggest that DCs in the tumour microenvironment have intimate relationships with tumour immunity and that DCs can induce different tumour immunity according to the DC phenotype to further affect the growth and metastasis of tumours.
Poly(ADP-ribose) glycohydrolase (PARG) and poly(ADPribose) polymerase (PARP) are closely related to the occurrence and development of inflammation, ischaemia-reperfusion injury, cancer and other diseases. Silencing PARG can reduce cell proliferation and increase the sensitivity of cells to toxicity, thus inhibiting embryonic development (11) . Knocking out the PARG gene in the mouse enteritis model inhibits the progression of bowel tissue inflammation (12) . Our previous research findings demonstrated that PARG silenced in the colon carcinoma mouse model can suppress the matrix adhesion, movement and attack ability of human colon carcinoma LoVo cells (13) so that the growing, invasion and metastasis of LoVo cells were effectively inhibited (14) . Nevertheless, the role of PARG in immune function and how it affects the invasion and metastasis of tumours has not been investigated.
In the present study, a liver metastasis model of colon carcinoma was established in mice with the inoculation of PARG-silenced CT26 cell lines obtained by transfecting CT26 cell lines with a lentivirus vector containing PARG-short hairpin RNA (shRNA) to observe tumour metastases and the survival times of tumour-bearing mice, to determine the effect of silencing PARG on the proliferation and differentiation of local DCs and T cells and the possible underlying mechanisms, and to explore the impact of PARG on immune function in invasion and metastasis of colon carcinoma to identify a new target in the clinical treatment of anti-colon carcinoma.
Materials and methods

Mice.
A total of 48 female BALB/c mice were purchased from the Animal Experimental Center of Chongqing Medical University (Chongqing, China; certification no. 20020001). All mice were maintained in the specific pathogen-free facility (SPF) room (20-26˚C, 12-h light/12-h dark cycle) and were inoculated with tumour cells at a weight of 18-20 g and 6-8 weeks of age. Experiments were performed at the SPF Animal Laboratory.
Cell transfection. The colon carcinoma CT26 cell line was a gift from Professor Wei (Sichuan University, Chengdu, China). According to the specification of the lentivirus transfection reagent (Sigma; Merck KGaA, Darmstadt, Germany), lentivirus PARG-shRNA was transfected into CT26 cells and screened to obtain stable PARG-silenced CT26 cells by Dr SWeiqiang Wu in our laboratory (15) . Untreated CT26 cells served as the non-transfected group, CT26 cells treated with empty vector served as the empty vector control group, and CT26 cells transfected with lentivirus PARG-shRNA served as the PARG-silenced group. Routine culture for each CT26 cell group was performed, and the culture supernatant was collected.
Establishment of mouse models for liver metastases of colon carcinoma. According to the method of Liu et al (16) , 48 BALB/c mice were randomly divided into the nontransfected group, empty vector control group and PARG-silenced group. Each CT26 cell group in exponential growth was collected and mixed with PBS into a suspension (1x10 7 cells/ml). The mice were anaesthetized with 2% chloral hydrate (16 ml/kg) by injection into the abdominal cavity, followed by an abdominal wall incision parallel to the left subcostal margin. Laparotomy was performed, and then, splenic subcapsular inoculation of 0.05 ml of each CT26 cell suspension was performed. The incision was then sewn with a #1 suture. After 14 days, 10 mice were randomly chosen and assigned to each group. The abdominal cavity was opened to observe and record the number of liver metastases of colon carcinoma nodules and whether the nodules were fused. Liver metastasis was divided into 4 grades according to the following description: grade 0, no liver metastases; grade I, 1-5 liver metastasis nodules; grade II, 6-10 liver metastasis nodules; grade III, >10 liver metastasis nodules (14) . The spleen and liver tissues were preserved in liquid nitrogen, and the supernatant of the blood was stored at -80˚C. The survival time of the remaining tumour-bearing mice were recorded daily.
Detection of liver metastases of colon carcinoma by haematoxylin and eosin (H&E) staining.
Liver metastases of colon carcinoma were frozen at -20˚C for 30 sec and then sliced into 8-µm thick sections at -20˚C using a freezing microtome (Thermo Fisher Scientific, Inc., Waltham, MA, USA), fixed with methanol and successively immersed in different levels of ethanol for hydration. Following immersion of the specimens in xylene, the specimens were washed with water. The specimens were stained with haematoxylin for 5 sec at room temperature, dipped in Neurolithium for 2 sec and then stained with eosin. Each coverslip was detected by microscopy at x400 magnification (Olympus Corporation, Tokyo, Japan). Double-label immunofluorescence assay. Spleen or liver frozen sections were fixed with acetone for 5 min and were incubated with bovine serum albumin (BSA) for 30 min at 37˚C. The spleen or liver sections were first incubated with anti-DEC205 antibody (cat. no. ab51820; 1:50 diluted in PBS; Abcam, Cambridge, MA, USA) or anti-CD11b antibody (cat. no. sc-1186; 1:50 diluted in PBS; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), followed by the addition of anti-B220 antibody (cat. no. bs-10599R; 1:100 diluted in PBS; BIOSS, Beijing, China) or anti-CD11c antibody (cat. no. bs-2508R; 1:50 diluted in PBS; BIOSS) at 4˚C overnight. Phycoerythrin (PE)-conjugated streptavidin anti-biotin (cat. no. bs-0437P-PE; 1:50 diluted in PBS; BIOSS), cyanine 3 (Cy3)-conjugated donkey anti-goat (cat. no. A0502; 1:50 diluted in PBS; Beyotime Institute of Biotechnology, Haimen, China), fluorescein isothiocyanate (FITC)-conjugated goat anti-rabbit (cat. no. bs-0295G-FITC; 1:100 diluted in PBS; BIOSS) and FITC-conjugated mouse anti-rabbit (cat. no. bs-0293M-FITC; 1:50 diluted in PBS; BIOSS) were used as secondary antibodies (1 h, 37˚C, incubated in the dark). Negative controls were performed with PBS instead of primary antibody. Images of the sections were captured and analysed by confocal laser-scanning microscopy (Leica TCS SP2; Leica Microsystems GmbH, Wetzlar, Germany) at x400 magnification.
Immunofluorescence assay. Spleen or liver frozen sections were fixed with acetone for 5 min and incubated with goat serum for 30 min at 37˚C. Spleen or liver sections were incubated with anti-CD4 antibody (cat. no. bs-0766R; 1:50 diluted in PBS; BIOSS) or anti-CD8 antibody (cat. no. bs-0648R; 1:50 diluted in PBS; BIOSS) at 4˚C overnight. FITC-conjugated goat anti-rabbit IgG (cat. no. bs-0295G-FITC; 1:50 diluted in PBS; BIOSS) was used as the secondary antibody (1 h, 37˚C, incubated in the dark). Negative controls were performed with PBS instead of primary antibody. Images of the sections were captured and analysed by confocal laser-scanning microscopy at x200 magnification.
Western blotting. The tumour tissues of the spleen or liver preserved in liquid nitrogen were lysed with radioimmunoprecipitation buffer (cat. no. P0013K; Beyotime Institute of Biotechnology) and the supernatant was collected by centrifugation at 22,351 x g for 20 min at 4˚C. The total protein or nucleoprotein concentration was determined using a bicinchoninic acid assay kit (Biomed Gene Technology Co., Ltd., Beijing, China), according to the manufacturer's protocol. The total proteins using specific antibodies against PARG (cat. no. ab169639; 1:1,000 dilution; Abcam) and nucleoproteins using NF-κB (cat. no. sc-1190; 1:1,000 dilution; Santa Cruz Biotechnology, Inc.) and PARP (cat. no. sc-136208; 1:1,000 dilution; Santa Cruz Biotechnology, Inc.) were analysed by western blotting. Using vertical slab PAGE, the protein was electrically transferred onto polyvinylidene fluoride (PVDF) membranes. The membranes were then blocked with TBST (10 mM Tris/HCl, pH 7.4, 150 mM NaCl and 0.1% Tween-20) containing 5% non-fat dry milk and were incubated with the primary antibody at 4˚C overnight. Following washing with PBS, the membranes were incubated with the secondary antibody for 2 h at room temperature and then dipped into enhanced chemiluminescent substrates (GE Healthcare, Chicago, IL, USA) and images were captured using a gel-imaging system (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Finally, Quantity One software (version 4.5; Bio-Rad Laboratories, Inc.) was used for the densitometric analysis of proteins.
ELISA. IL-10 and TGF-β in the serum of tumour-bearing mice and supernatant of tumour cells were assayed using ELISA kits (cat. nos. DY417 and DY1679; R&D Systems, Inc., Minneapolis, MN, USA) according to the manufacturer's protocol. The optical density (OD) at 450 nm was measured using an automated reader (Bio-Tek Instruments, Inc., Winooski, VT, USA). A standard curve was plotted, and a formula was used to fit the OD of the standard samples. The lower limits of detection of these assays were as follows: IL-10, 30-700 pg/ml; and TGF-α, 10-200 ng/ml.
Statistical analysis. Statistical analysis was performed using SPSS 19.0 software (SPSS, Chicago, IL, USA). The data were expressed as the means ± standard error of the mean. The grade of liver metastasis carcinoma nodules was analysed by the Kruskal-Wallis and Nemenyi methods. The survival data were estimated by the Kaplan-Meier method and were compared by the log-rank test. One-way ANOVA and the least significant difference (LSD) test were used for many sets of the data. P<0.05 was considered to indicate a statistically significant difference.
Results
Number and grade of liver metastases of colon carcinoma nodules.
No mouse succumbed during the 2-week experimental period. There were carcinoma nodules on the inoculated parts of the spleen in all mice, many of them single nodules. The liver metastatic rates of the non-transfected group, empty vector group and PARG-silenced group were 100, 100, and 30%, respectively. The number and grade of liver metastases in the PARG-silenced group were significantly less than those in the control groups (P<0.05; Table I ; Fig. 1A ). There was no significant difference between the non-transfected group and empty vector control group (P>0.05). The liver metastasis carcinoma nodules were staining with H&E (Fig. 1B) .
Survival time. The survival time of the remaining tumourbearing mice in multiple groups was calculated from the day that the mice were inoculated with CT26 cells to their natural death. The survival ratio was represented as the vertical axis and time following inoculation as the horizontal axis to draw the survival curves. The survival time of the PARG-silenced group was remarkably longer than that in the control groups by the log-rank test (P<0.05) (Fig. 1B) . There was no significant difference between the non-transfected group and the empty vector control group (P>0.05).
Numbers of B220
+ DEC205 + DCs and CD11c + CD11b + DCs in the spleen and liver. Double-label immunofluorescence staining for B220 and DEC205 or CD11c and CD11b was performed on DCs within the spleen and liver frozen sections to determine the change in the immune status following PARG silencing. The numbers of B220 + DEC205 + DCs in the spleen and liver were significantly fewer in the PARG-silenced group than in the control groups (P<0.05; Fig. 2A-C) , but an obviously increased amount of CD11c + CD11b + DCs was seen in the spleen and liver of the PARG-silenced group compared Table I . The numbers and grading of liver metastases carcinoma nodules in various groups. to that of the control (P<0.05; Fig. 3A-C) . There was no significant difference between the non-transfected group and the empty vector control group (P>0.05).
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+ in the spleen and liver. Single-staining immunofluorescence was employed to detect CD4 or CD8 cells in T cells within the spleen and liver and determine the change in immune function following PARG was silenced. The number of CD4 + T cells in the spleen and liver of the PARG-silenced group was more than that in the control group, but the number of CD8 + T cells in the PARG-silenced group and control group exhibited no difference. Therefore, the ratio of CD4 + /CD8 + in the spleen and liver was increased in the PARG-silenced group compared with that in the control group (P<0.05; Fig. 4A-C) . There was no significant difference between the non-transfected group and empty vector control group (P>0.05).
Expression of PARG, PARP and NF-κB of the spleen transplant tumour and liver metastases of colon carcinoma.
The expression levels of PARG, PARP and NF-κB proteins in spleen transplant tumours were decreased in the PARG-silenced group than in the control groups (P<0.05; Fig. 5A and B) . In liver metastases of colon carcinoma, the expression levels of PARG, PARP and NF-κB were decreased compared with those in the control groups (P<0.05; Fig. 5C and D) . There was no significant difference between the non-transfected group and empty vector control group (P>0.05).
Influence of silencing PARG on IL-10 and TGF-β.
The secretion of IL-10 and TGF-β in the supernatant of PARG-silenced CT26 cells was significantly decreased compared with non-transfected CT26 cells and empty vector control CT26 cells (P<0.05; Fig. 6A and B) . The levels of IL-10 and TGF-β in serum were also reduced in the PARG-silenced group compared with those in the non-transfected group and empty vector control group (P<0.05; Fig. 6C and D) . There was no significant difference between the non-transfected group and empty vector control group (P>0.05). 
Discussion
Proper regulation of PARPs1/2 and PARG is required for the cellular responses to genotoxic stress, and PARG serves an important role in regulating the activity of PARP (17) . The poly(ADP-ribose) (PAR) degrading enzyme PARG could catalyse PAR turnover via hydrolysis of the α(1'' → 2') and α(1''' → 2'') ribosyl-ribose linkages to produce free ADP-ribose (ADPR), and then restore the activity of the poly(ADP-ribosyl) ated PARP-1 by detaching PAR to be recycled for poly(ADP-ribosyl)ation (18, 19) . Frizzell et al (20) demonstrated that PARG serves a vital role not only in the regulation of PARP but also in adjusting the expression of downstream genes by collaborating with PARP. Therefore, we hypothesize that PARG repression served as an effective method to inhibit PARP. Chandak et al (21) indicated that the expression of PARP was reduced when the expression of PARG was inhibited by a specific inhibitor of PARG tannins. In our previous in vitro studies, silencing PARG in colon carcinoma cells reduces the expression of PARP (13,14) . In the present study, a liver metastasis model of colon carcinoma was established in mice with inoculation of PARG-silenced CT26 cell lines. The expression of PARG was revealed to be reduced, and the expression of PARP was also decreased in spleen transplant tumours and liver metastases of colon carcinoma.
As a pleiotropic transcription factor, NF-κB activates the transcription of >500 genes and participates in the regulation of the expression of many genes related to inflammation, cellular transformation, tumour cell survival, proliferation, invasion, angiogenesis and metastasis (22) . The most common NF-κB dimer (p50/p65) is found in all the members of NF-κB family. The change in the content of NF-κB to speculate the variation of NF-κB activity has been reported in several studies (23) (24) (25) . Our previous study indicated that PARP-1 could regulate the activity of NF-κB by which PARP-1 influences the activation of TLR4-associated signal transduction, leading to NF-κB activation and subsequent nuclear retention (26) . Suppressing the expression of PARP could further control the activity of NF-κB through the phosphoinositide 3-kinase (PI3K)/protein kinase B (Akt) signalling pathway in several diseases, including tumours or non-tumours (27-29). Our previous in vitro study indicated that PARG silencing could reduce the expression of PARP and inhibit the activity of NF-κB at the same time (13, 14) . In our in vivo experiment, the levels of PARP and NF-κB in spleen transplant tumours and liver metastases of colon carcinoma are reduced following PARG silencing. As the downstream factor of NF-κB, IL-10 and TGF-β are considered cytokines with immunosuppressive activity. They have a wide range of biological effects, including regulating immunocyte and non-immune cell activation, proliferation and differentiation (30) (31) (32) (33) (34) . Our previous studies have indicated that PARG silencing in colon carcinoma cells could reduce the expression of PARP as well as inhibit the transcription of NF-κB, thereby inhibiting tumour metastasis (13, 14) . This conclusion is supported by the results that the expression levels of PARP and NF-κB in the spleen transplant tumour and liver metastases of colon carcinoma were depressed following PARG silencing, the secretion of IL-10 and TGF-β in the supernatant of PARG-silenced CT26 cells was decreased, and the levels of IL-10 and TGF-β in the serum of PARG-silenced tumour-bearing mice were also reduced. These results suggest that PARG silencing in colon carcinoma can regulate the secretion of IL-10 and TGF-β through adjusting the activity of NF-κB. Further studies are needed to uncover the underlying mechanism.
Accumulating evidence has suggested that DCs may serve an important role in tumour immunity (35) . The number and function of DCs in tumour tissue are closely related to the occurrence, development, transfer and prognosis of cancer (36) . Initially, DEC205 + B220 + CD19 -DCs were induced from the liver in vitro by Lu et al (37) . That this subtype of DCs could prolong the cardiac allograft survival time suggests that they may serve an active role in tolerance induction and maintenance in this model (37) . B220 + DEC205 + DCs were induced from mice and it was identified that they are associated with the immune tolerance of liver transplantation through regulating the proliferation and differentiation of lymphocytes (38) . It was also identified that B220 + DEC205 + DCs can promote the liver metastasis of colon carcinoma and speculated that they seem closely linked to the regulation of DCs to T-subset differentiation (10) . Other studies have also reported that CD11b + CD11c + DCs, which can induce specific immune activity, could promote tumour cell apoptosis to inhibit tumour metastasis (9) . (42) (43) (44) . IL-10, as an important immunomodulatory and anti-inflammatory cytokine, can adjust the proliferation and differentiation of DCs as well as directly affect the function of T cells (45, 46) . However, no data have indicated whether PARG silencing in colon carcinoma can inhibit the expression of PARP and, thus, restrain the activity of NF-κB, downregulate the secretion of downstream factor IL-10 and TGF-β, and then influence the proliferation and differentiation of DCs and T cells, finally inhibiting the metastases of colon carcinoma by the change in immunity function.
In the present study, the effect of PARG on DCs and T cells was observed in the spleen and liver of tumour-bearing mice. 
